PHASE CHANGEABLE MEMORY DEVICES AND METHODS OF FORMING 
THE SAME IN WHICH AN UPPER ELECTRODE INCLUDES A TIP THAT 
EXTENDS TOWARD A LOWER ELECTRODE 



P Application 

the disclosure of which is hereby incorporated here,n by 

reference. 



3 »fthp Invention 

^present inventio „ re.ates to nonvoUtiie integrated circuit „ dev.es and 

^thodol—thesan.e.and.nrorepart.cniariy.nonvo.at.iephasechangeabie 

15 R ».i, ? rn..nd of thg Invention 

CeneraUy.nonvoiatUememorydevicesdo no, lose their stored data even though 
^power.sturnedoff. These nonvCatiie nte m ory devices nsuai.y inc.nde flash 
^orycehsthathaveastaCedgates— . The stacKed gate stmctnre typtcafly 

20 eiecn.destacUedscuentiafly. To inrproverehabiUty of the flash nretnory cefl and 
effi e i8 ncyofp ro gra m ,hec 1 nah,yofthe, U nne 1 o X1 def, tam aybe 1 n 1 provedandthe 

coupling ratio of a cell may be increased. 

Som e nonvolaule memory devices may use phase changeable memory devices 
^doftheflashmemorydevices. FIG. 1 illustrates an equivalent circuit of a unit cell 
25 ofacon ven„ona,phasechan g eablememory r ce. Referring now to FIG Mhephase 



thatofadld ec tri c f , lm use d ,„a DRA M, h o W eve, Mo, spec.caU, *e p.ase 
chang ea M e m atena 1 m m has t wos t a M es t a t esacco ritogt o«e m pe ratUr e. 

FIG2l sa gI aph th a t n 1 us, ra ,sa m e t hodofpro g — g a„ d e r as,„ gt he phase 

crystamnephasechmg ea W e— f „ m . — , - ca^ How,, « *e 
25 wh e teth e in — s ,o I e di n t hep h ase rg ea W e m e m o ty oe 1 Hs,,CVo r . 



Ameth „ d o fre auc tag co„ t ac tare a b e,wee I1 a I1 e 1 eo tt oaea I1 aap ha sec h a ng ea b ,e 

Having a Reduced Contact Area." 

FIG 3,sac r oss-sec tl o„a 1 v,ewofaco„ve„t 1 o„a 1 phase changeable nremory 

10 having openings on the lower electrode 1 0. The opening is provided W * t ^ P ^" S 

^eetede^tothelowerelectrodeiOtheretn. The opening on the plug 14 is 
provid ed W .thaspacerl 6 o„the 51 dewal,o f .eope m ng. A contact portion 18 connected 
tothepmgl.spos.honedonthe.easnrronndedh.thespacerl, The contact pornon 

.^edontheinter^—gnhnnandnaecon^tportionlS. Irthecontac, 
Zionists forrnednsingacondnct.ve.atenaUhenaphasechangeahlepattern.s 
form edonthecontactport,on,Sandthenppere,ec,rodeis f onnedonthephase 

changeable pattern. 

PXaS^^dSareeross-sectionalviewsthatil^ateaspeeUoftheconvenhona. 

^echangeahlcentorvdevtce.. FIG 4 illustrates an example in which the contact 
port ion,Ba 1 s f o m edusingaphasechangea b ,e m ater I a,. When current ,s apphed to the 

u , w is eenerated due to resistance on the boundary surface 
lower electrode (not shown), heat is generated 

iqo Aq a result the state of the phase 
betweentheplugMandthecontactport.onlS, Asaresult, 

u h Because the plug 14 has relatively high heat conductivity, 
25 changeable material is changed. Because the p g 



mhous the edge of the contact portion 18a may not become 
material layer becomes amorphous, the eage 

5 comply amorphons, which may result ,n current leakage. 

FIG5i „ustrates an example in wlnch me contact portion ,8a is formed nsmg a 
^materia,. Xhe phase changeable pattern 2 0 , formed on the contact portton 

^tsho^thestateoftheareatneontaetwhhtheeontactporttonl.ofthephase 

10 changeablepattern.Ochanges. to mis ease, the heat of the area in contact with the 
con t a ctportionl8bandmeareamcontact W1 ,htheed g eoftheco„tactportionl8b,s 
— edtosurroundingportions.somatthestateoftheareasmaybemcomplete.y 

stateof aphasechangeab,ema,ena, layer completely, power consnmptton may tncrease 
! 5 and the data sensitivity may deteriorate. 

Summary »f thP Invention 

Acc0 rd,ng to some embodiments of the present — „, a phase changeable 

^^^^^^''^^ 

the lower electrode. 

.^erembodimentsofthepresen. invention, an interiayer insulating fihn, 

d , sp osedon,he substrate and has an o P emngtherem that eposes a P ort,on of the lower 
25 electrod , Xhe.haseehangeab.e.attem.sformed.ntheo.enmgandhasadenress.on 



therein that is directed toward the lower electrode. 

^^^^^^^^^^ 
opening. , 

between the interlayer insulating film and the lower electrode. 

^^embodiments ofOtepresent — ashie.d.ayer.drsposedon 

sM ewaUs of the phase changeable pattern and the npper electrode. 

,0 extends on the interlayer insulating film. 

connected to the upper electrode. 

the interlayer insulating film. 

.though descnbed above w„h respect to devtce embod.ments o f the present 

nrethods of forming a phase changeable memory device. 

BriefpgcriB«o3 nrawings 

OthcrfeaturesofthepreseutmventtonwtHhemorereadilyunderstood from the 

with the accompanying drawings, in which: 
changeable memory device; 

method of programming and erasing the unit cell 



20 



FIG 2 is a graph that illustrates a 



of FIG 1; 

F1GS .3.5a re c ro ss-seot,o„a.v i ewso f aco„ve„ tl ona 1 phasec h a„ g eab 1 e m e I n OTy 



device; 



FXG 6 .nustra.es a phase ehangeable memory deviee according to some 

embodiments of the present invention; 

F.GSV-.Oarecross-seettonaiv.ewsthatiUnstra.eme.hodsoffabneat.ngphase 

cha „ g eab 1 ememorvdevicesaceord,n g ,someembod,ment S o f tbep r esentmven,,on ; 

accordmg to other embodiments of the present invention; and 

P.GS.Sandib.Unstrateoperationsofaeonventionaiphasechangeabiememorv 

.eviceandphasechangeahiememorvdevicesaecordmgtosomeembodimentsofthe 
present invention, respectively. 

p^iW Descripti-T" of^nibodimeBts 

Whtietheinvenhontssnscepttbietovanonsmodifteattonsandahemattveforms, 

sp ec,ficembod,me„ts thereof are shown by way of exampie ,n the drawings and wtfi 
Hereinbedescnbedindetafi. „ shonid be nnderstood, however, that there ,s no mtentto 

d escrip«onofthefigures. Tn the figures, the dimenstons of iayers and regtons are 
exaggerated forcianty It wifi aiso be understood that when an eiement, sueh as a iayer, 

^ereiememormtervemngeiementsmaybepresent. fit contrast, when an e.ement, sucn 

-6- 



are no intervening elements present. 

FIG 6 mns.ra.es a phase changeable memory dev.ce aceordmg to some 
^odimentsofmepresentinvenrion. Referring now to FIG 6, the phase changeable 

strode 52 is electrically connected to a contact p.ng 50, which is connected tea 
S onrceregiono f anaccess.rans,,or. bn accordance with some embodiments of the 
present— n,,be lowerelectrode5aofthephasechangcablemcmorydev.ee can have 

vanons.indsofplngsconnectedtoasonrceregionofanaccesstrans.stor. The lower 
, el ec,rode 52 maycomprisetitaniu m n„ride(T.N)f, 1 m,ti,aninma 1U mmnmnitride(T lA .N) 

^^^^^^^^^^^"^ 
atan,a,nmsi,.conn„nde(TaSiN)f., m . An interlayer insniatmg fdm 56 ,s formed on me 

. re ,ectrode52. An e.ch s.op layer 54 may be interposed between the interlayer 
i ns n,a,ingf,lm56and,hc,owere,ectrode52. A spacer pattern 60s is formed on the 
„ 5S of the contact hole 57. Accordingly, the sidewal! 61 of the spacer pattern 60s 
d ef,nesaho„owreg 1 on5 9 on,hecentero f .hespacerpa,tem60s. A phase changeable 

^«--^««-^■^^■- d, *- a "*■ ,-,,,,9 • 
20 i»sn,atmgf,lm56. The phase changeable pattern 62 is connected electricaUy to the lower 
.ectrode 52 throngh the hollow region 59. Becanse the phase changeable pattern 62 ,s 

P attem62hasaden, depress.on, or sin, 65 directed toward the lower electrode 52 over 
^lowerelectrodeSa. The dent or siriK 65 is fdled with an npper electrode 64. 
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Th e upper electrode 64 may conrpnse titanium nitride (TiN) film, titanium aluminum 
nitride (TiAIN) film, titanium sifieon nitride (TiSiN) film, tantalum a.ummum nitride 
(T a A ,N)fi.ma„d/ortanta 1 ums 1 . 1 eonni,nde(TaS,N)fi.m. A hard disk pattern 66 may be 
f ormedontheupperelectrode64. An upper interlayer insulating film 70 ,s formed on the 
5 s em.conduc,orsuhs.ra,e48havin g thephasechan g eah,epa«em62and,heuppere.ectrode 

64 disposed thereon. A shield layer 68 may be interposed between the upper in.erlayer 
.nsulatingfilmTOandthestdewal^Bofthephaseehangeablepattem. 
68 may eomprise silieon oxyn.tr.de and may reduee the likelihood that the phase 
ch an g eab,epa„em62de g e„erates. A plate electrode PL, which is electrically connected 
,0 to the upper electrode 64, is formed on the upper interlayer insulating film 70. 

F,GS. 7 through 10 are cross-sectional views that illustrate methods of fabricating 
ph asechangeablememorydev.cesaeeordi„g.osomeembodimentsofthepresent 

invention. Referring now to FIG 7, a lower electrode 52 is formed on a semiconductor 
su bstrate48. The lower electrode 52 may be d,sposed on a plug that is connected to a 
15 sourceregionofanaccesstransistor. As shown in FIG. 7, the lower electrode 52 may be 
ap ,anare,ectrode52,ha, is formed on a contact plug 50, which ,s connected to the source 
region of an access transistor. The lower electrode 52 may comprise titanium nitride 
(TiN) film, titanium aluminum nitride (TiAIN) film, titanium silicon nitride (TiSiN) film, 
ta ntalum aluminum nitnde (TaAIN) film and/or tantalum silicon nitride (TaS.N) film. An 
2 0 ,„,er.ayerinsu,a,ingf.m56isformedon.hesem,conduc t orsubsnatc48havin g the,ower 

electrode 52 disposed thereon. An etch stop layer 54 may be formed on the 
semiconductor substrate 48 before forming the interlayer insulating film 56. 

Referring now ,0 FIG 8, a contact hole having sidewalls 57 is formed by 
pa.tern.ng the interlayer insulating film 56. The etch stop layer 54 can proven, the lower 
25 el ecnode52 f rombe,ngexccs,velye,chedwh 1 ,e«hem,er,ayerinsu,atingfi,m56,setched. 



shown in F,GS,,he space, insulating film 60 is formed to be—, on the — 
structure. 

Referring now to FIG 9, the space, insulating film 60 is etched anisotropic** 
and aspace r pa t ,e m 60s 1 s f onne d o„, h es ld e W an5 8 of,eco„tac th o 1 e. The sidewal, 6, 
of UK. spaces pattern 60s defines the ho.Iow region 59 where the lower electrode 52 ,s 

.mctnreonwhichtfiespacerpattemfiOstsfonned. The phase changeable matenallayer 

el ectrode5 2 ,sformedonthee,ectrode52. A conductive film 64 is formed on the phase 
c hangeab,ema,ena„ayer. Consent*, the conductive fihn 64 fiUs the dent 65 and has 
a „pTdirec,edtowardthelowerc.cctr„de52. The conductive film 64 may compnse 
ritanium „unde(TiN)film, titanium alummum nitnde (TiAIN) film, titanium si.icon 
15 ni t ri de(T,SiN)fi 1 m,,anta,uma,uminumni,ridc(TaA,N)fi,mand/ortanta,umsdtcon 

nlttl de(TaSiN)film. A hard mask film 66 may be further formed on the conductive film 



64. 



Referring.onG9.me hard mask film 66, the conductive film 64 and the phase 
„b.emate„a„ayer62 are patterned scuenfially to form a phase changeable pattern 

low ere,ectrode52. The phase changeable pattern 62 has a sidewal, 63 on the interlayer 
insulating film 56. 

Referring now to FIG 10, a shield layer 68 is formed to reduce the likelihood that 
thephasechangeab,epa„em62degenerates. An upper interlayer insulating filtn 70 is 
25 formed on the shield layer 68. The shield layer 68 may comprise silicon oxynitnde. 



oxtde fib. and/or a PETEOS film. A plate electrode PL shown in FIG 6 may be 
eounectedtothenpper electrode 64 through the upper mterlayer .nsulatmg film 70, the 

shield layer 68, and the hard mask pattern 66. 
5 FIG 11 .saeross-see.ionalv.ew.hattllus.ratesmethodsoffabncatingaphase 

enable memory device accordtng to some embodiments of the present .nvent.on. 
Referring now to FIG 1 1 , a phase changeable pattern 62b is buried in a contact hole. As 
described above, a phase changeable memory device may comprise a lower electrode 52 
formed on a semtconductor substrate 48, an etch stop layer 54 formed on the lower 

th e interlayer hrsulatingfihn 56, andaspacer pattern 60s formed on the sidewall 58 of the 
contacthole. The sidewal. 6, of the spacer pattern defines the hollow region 59. A 
phasechangeable materia! layer fifis the hollow region 59 to form a phase changeable 
pa „em62b. The phase changeable pattern 62b includes a den. 65 that is d.rected toward 
,5 , h e,owere,ec,rode52. The upper electrode 64a is d.sposed on the phase changeable 

pattern 62b and the upper electrode 64a has a tip T directed toward me lower electrode 52 
on ,heden,65. Tbe upper electrode 64a has a s.dewal, 67 on the mterlayer insulatmg 



film 56. 



The upper interlayer msulating film 82 shown in FIG. 11 is formed on the 
2 0 resumngstmetureonwhich,heuppere,ec,rode64aisformed. The plate electrode 84 
penetrates fine upper interlayer insulating film 82 as shown in FIG H to contact the upper 
e,ee,rode 64a. Because the phase changeable pattern 62b is positioned in the hollow 
region, formation of the shield layer can be omitted. 

FIGS. 12 through 14 are cross-sect.onal views that illustrate methods of 
2 5 fabricating phase changeable memory devtcesaccordtng to some embodiments of the 



present — R e f e m „ g nowtoF 1 G. 1 2,fo rmi „ g aphasec h an g ea W edev i ce m a y 
com pnse formin g a contact p,u g 50 and a .owe, e.ectrode 52 on a semiconductor subs,ra,e 

wh ,cHtHc,owe r e 1 cct r odc5 2 ,sfonncd,pa,te m ,„ g t h e,nte rl a y e r ins ul a„n g f llm5 6,o f o n n 
5 aC on t ac lh o 1 eon th e 1 owe r e 1 ec tr „de5 2 ,andfonn i „ g as P ace r pa, t e m 60so„as 1 dewanof 

th econ,ac,ho,e. Th.^**..^^".^ W ^"^ S9,,, • , 
„po~« to *• A dent 65 may be formed on the lower electrode 52 by 
co „ t ro„,n g ,heth,c k nessof.he P hasechan g eab,ema.eria„ayer62a. Thedent65,s 
formed so that the .owes, point ofthe den, 65 is lower than the nppersnrfaceofthe 
10 1 „,er,ayermsu,,,n g fi,m56byahe, g htH. Even thou^ a po.,hm g process is performed, 

a lower portion ofthe dent 65 remains. 

Refernng now to FIG 13, the phase changeable material .ayer 62a may be 
pohshedusmgachermca. mechanical po,ish,n g process to expose the upper surfaceofthe 
in ter,ayer 1 nsu,a,in g fi 1 m56. As a resn.t, a phase chan g eab,e pattern 62b is formed in the 
15 ho „owre gl on5, The den, 65 of , he phase ehan g eab.e pa,,em 62b can be polished m the 
ch em,ca,mechamca.po.ishm g process, hu, a lower porrion of the den, 65 remains on the 

phase changeable pattern 62b. 

R eferrin g now,oFIG.4,aeondue„vefi.misformedon,hesabs,rateonwhieh 

thephaseehan g eab 1 epa,,em62bisformed. The conductive film is patterned to form an 
20 u P perc.eetrode64aonthephasechan g eab,e P a„em62b. The upper e.eCrode 64a has a 
side wa„ 67 on the in.erlayer insu.a,in g film 56. A hard mask film is further formed on 
, he conduce film so that a hard mask pattern 66 may be further formed on ,he upper 
electrode 64a. 

Thus according to some embodiments of.be present invention, a phase 

25 e^n^^*^^<r* % ^*~~ , *~~'* m 



im ention,respecrive,, Referring now to FIG 15, a conventional phase changeable 
m e m „r y oev,cehasa,owcre,ec,roaeB E an d ann P pere 1 ec,ro d cTE t ha,arep,anar 
electrod esandfaceeacho,her. .ccoroing,, cnrrent d e.itv O, is generaUv uniform , 
^srront.helowerelectrodeBEan.thenpperelectrodeTE. As shown in FIG 16, 

p.sentinventioncontprisesannppcre.ectro.eTEhav.ngaripT. Because the current 
flow i„ g from the .owcrelecnoaeBEtotheuppcrelectroaeTEconvcrgesatthe.ipT.the 

«- d - , * r8 "* ,to,, ■' i,-, * 
BEish-gherthanthecnrrentdensityDl. Consecuent.y, when the same amount of 
^entisappliedtomelowere.ec.ooe.moreresistanceheateanhe generated atme 

^^^«-*^*---*■- , * ,,, ^ ,,,4, ■ - " ,,, " 
of ,hepresen,.nvc„„o„ascompared,oconve„tio n a,phasechangea W emem„rvdevices 
„hase changeable memory devices according. o embodiments of the present 
^ntmnhavegenerallyhigher current dcns.ty than conventtona, phase changeab.e 
me morydev,ces. Thus, phase changeable memory devices in accordance w„h some 

than conventional phase changeable memory devices. 

ln conceding the detaded desenprion, i, shou.d be noted that many variations and 
^cations can he made to the preferred embodiments without subs— departin g 
ftom the principles of the present mvention. AH such vanattons and mod— are 
25 ^ teta ^^-^*^ rf '-'-- ta - l *" ,,t ** 1 '*' 



following claims. 
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